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CXCR4 and CCR5 expression on naive and
memory T-lymphocytesOur previous study has shown that HIV-1 replicated at higher levels in neonatal (cord) blood monocytes/
macrophages and T-lymphocytes compared with adult blood cells. However, it is not known whether this
differential HIV-1 replication also occurs in naive and/ormemory T-lymphocytes.We, therefore, comparedHIV-1
replication in CD3+ and CD4+naive (CD45RA+) andmemory (CD45RO+) T-lymphocytes isolated fromﬁve cord
and adult blood donors. We found that HIV-1 replicated at higher levels in both CD3+ and CD4+ CD45RA+ and
CD45RO+ T-lymphocytes isolated from cord blood compared with adult blood. In addition, there was no
difference in the cell surface expression of CD4, CXCR4 and CCR5 on cord blood CD45RA+ and CD45RO+ T-
lymphocytes compared with adult blood cells. Furthermore, we found that there was an increase in HIV-1 gene
expression in cord blood CD45RA+ and CD45RO+ T-lymphocytes compared with adult blood cells by using a
single-cycle replication competent HIV-1-NL4-3-Env−R+ luciferase amphotropic virus, which measures HIV-1
transcriptional activity independent of CD4 and CXCR4 or CCR5 expression. In summary, HIV-1 replicated at
higher levels in cord blood CD45RA+ and CD45RO+ T-lymphocytes compared with adult blood cells and this
differential replication is inﬂuenced at the level of HIV-1 gene expression.l rights reserved.© 2011 Elsevier Inc. All rights reserved.Introduction
HIV-1 infected neonates and infants have a higher level of viremia
and develop symptomatic AIDS more rapidly than infected adults,
including differences seen in clinical manifestations, recurrent
bacterial infections and disorders of the central nervous system
(MaWhinney et al., 1993; Tovo et al., 1992). The differential
mechanisms of HIV-1 pathogenesis in adults vs. neonates and infants
are not clearly understood but could be partially explained due to
relative immaturity and inability of the neonatal immune system to
contain the highly replicating HIV-1 (Chakraborty, 2005; Rogers et al.,
1987; Tiemessen and Kuhn, 2006). In addition, HIV-1 has more target
cells to infect in neonates and infants than adults because neonates
and infants have a higher number of circulating T-lymphocytes than
adults (Clement, 1992). In this context, we have shown a higher level
of HIV-1 replication and gene expression in neonatal (cord) blood T-
lymphocytes and monocytes/macrophages compared with adult
blood cells (Sundaravaradan et al., 2006), which could contribute to
a higher level of viremia and more rapid disease progression in
neonates and infants than adults (MaWhinney et al., 1993; Tovo et al.,
1992). However, whether this differential HIV-1 replication alsooccurs in naive and/or memory T-lymphocytes from cord blood
compared with adult blood is not known.
The CD4+ T-lymphocyte population in neonatal blood has the ratio
of naive (CD45RA) to memory (CD45RO) T-lymphocytes of approx-
imately 9:1 and in adult blood of 1:1 (Prescott and Jones, 2001). In
addition, more CD4+ T-lymphocytes of the CD45RA+ phenotype
express CXCR4 than CCR5, whereas more CD45RO+ T-lymphocytes
express CCR5 than CXCR4 (Mo et al., 1998). Even though CD45RO+ T-
lymphocytes are present in very low numbers in neonates and infants,
the majority of HIV-1 infected CD4+ T-lymphocytes in most infected
infants and children are of the CD45RO+ phenotype (Ullum et al.,
1997). While R5 HIV-1 is predominantly transmitted in both infants
(Ahmad et al., 1995; Matala et al., 2001) and adults (Zhang et al.,
1998), infected infants predominantly harbor R5 HIV-1 and infected
adults initially R5 and later both R5 and X4 HIV-1 during the course of
infection. Although infection of both CD45RO+ and CD45RA+ T-
lymphocytes contribute to the overall viremia and decline in CD4 T-
lymphocytes count in infected adults (Blaak et al., 2000; Ullum et al.,
1997), it is not clear whether both these cell types also contribute to
viremia and HIV disease in neonates and infants. Therefore, we sought
to compare the replication of HIV-1 in neonatal (cord) and adult blood
CD45RA+ and CD45RO+ T-lymphocytes from ﬁve different adult and
cord blood donors. We have used cord blood in place of neonatal
blood because, like neonatal blood, it has more naive (CD45RA+) and
less memory (CD45RO+) T-lymphocytes, is immature compared with
adult blood (Harris et al., 1992; Mo et al., 1998), and is available in a
larger volume than neonatal blood.
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naive CD3+/CD45RA+ and CD4+/CD45RA+ and memory CD3+/
CD45RO+ and CD4+/CD45RO+ T-lymphocytes compared with adult
blood cells.We also show that there was no signiﬁcant difference in the
expression levels of CD4, CXCR4 and CCR5 on these cell types.
Furthermore, we found that there was a higher level of HIV-1 gene
expression in cord blood CD45RA+ and CD45RO+ T-lymphocytes
compared with adult blood cells. These results suggest that HIV-1
replicated at higher levels in cord comparedwith adult blood CD45RA+
and CD45RA+ T-lymphocytes, which is inﬂuenced at the level of HIV-1
gene expression.Results
Characterization of CD3+ and CD4+ naive CD45RA+ and memory
(CD45RO+) T-lymphocytes from cord and adult blood mononuclear cells
We ﬁrst characterized the purity of FACS sorted CD3+CD45RA+ and
CD3+CD45RO+ T-lymphocytes from cord and adult bloodmononuclear
cells. Fig. 1 shows cord and adult blood CD3+ T-lymphocytes before
sorting (A, D), CD3+CD45RA+ T-lymphocytes post-sorting (B, E), and
CD3+CD45RO+ T-lymphocytes post-sorting (C, F), respectively. After
sorting, the purity of each cell population for cord and adult blood was
checked. It can be seen that the purity of the CD3+CD45RA+ cell
population from cord and adult was 95.3% (Fig. 1B) and 92% (Fig. 1E),
respectively. The purity for the CD3+CD45RO+ from cord and adult
blood were 96% (Fig. 1C) and 98% (Fig. 1F), respectively.Fig. 1. FACS analysis of CD3+ sorted naive (CD45RA+) and memory (CD45RO+) T-lymphocy
populations gated on CD3+ cells. (B and E) Post-sort purity for CD45RA+. (C and F) Post-sort puNext we characterized the purity of sorted CD4+CD45RA+ and
CD4+CD45RO+ T-lymphocytes from cord and adult bloodmononuclear
cells. Fig. 2 shows cord and adult blood CD4+ T-lymphocytes before
sorting (A, D), CD4+CD45RA+ T-lymphocytes post-sorting (B, E), and
CD4+CD45RO+ T-lymphocytes post-sorting (C, F), respectively. After
sorting, the purity of each cell population for cord and adult blood was
checked. It can be seen that the purity of the CD4+CD45RA+ cell
population from cord and adult blood was 98% (Fig. 2B) and 99.9%
(Fig. 2E), respectively, and the purity for the CD4+CD45RO+ from cord
and adult blood was 99.3% (Fig. 2C) and 99.6% (Fig. 2F).
As we have shown before that therewas no difference in cell surface
expression of CD4, CXCR4 and CCR5 (Sundaravaradan et al., 2006) and
mRNA of CXCR4 and CCR5 in T-lymphocytes from cord and adult blood
cells (Sundaravaradan et al., 2010), we conﬁrmed here that there was
also no difference in cell surface expression of CD4, CXCR4 and CCR5
between cord and adult blood CD4+CD45RA+ and CD4+CD45RO+ T-
lymphocytes (Fig. 3).We also conﬁrmed that therewas no difference in
the level of CD45RA and CD45RO between cord and adult cells and that
more CD45RA+ T-lymphocytes from both cord and adult blood
expressed CXCR4 than CCR5 and more CD45RO+ T-lymphocytes
expressed CCR5 than CXCR4 (Mo et al., 1998; Nicholson et al., 2001).
HIV-1 replicates at higher levels in both cord blood naive CD45RA+ and
memory CD45RO+ T-lymphocytes compared with adult blood cells
Although we have previously shown that HIV-1 replicated at
higher levels in cord blood T-lymphocytes compared with adult blood
cells (Sundaravaradan et al., 2006), here we have determined whethertes from cord and adult blood. (A and D) Dot plot showing the CD45RA+ and CD45RO+
rity for CD45RO+. Panels A, B, C represent cord blood. Panels D, E, F represent adult blood.
Fig. 2. FACS analysis of CD4+ sorted naive (CD45RA+) and memory (CD45RO+) T-lymphocytes from cord and adult blood. (A and D) Dot plot showing the CD45RA+ and CD45RO+
populations gated on CD4+ cells. (B and E) Post-sort purity for CD45RA. (C and F) Post-sort purity for CD45RO+. Panels A, B, C represent cord blood. Panels D, E, F represent adult blood.
Fig. 3. FACSanalysis CD4,CXCR4andCCR5expression levels onCD45RA+andCD45RO+T-lymphocytes fromcordandadult blood.Cordblood is representedwithadashed lineandadultwith
a solid line. RA represents expression on naive (CD45RA+) and RO on memory (CD45RO+) T-lymphocytes. Relative cell number is on the Y-axis and ﬂuorescence intensity on the X-axis.
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To address this issue, we sorted T-lymphocytes from cord and adult
bloodmononuclear cells based on expression of CD3+/CD45RA+, CD3+/
CD45RO+, CD4+/CD45RA+ and CD4+/CD45RO+markers (Figs. 1 and 2).
After sorting, these cells were stimulated in vitro for 30 h with 3 μg/ml
of PHA. Equal number of PHA-stimulated CD3+/CD45RA+, CD3+/
CD45RO+, CD4+/CD45RA+ and CD4+/CD45RO+ T-lymphocytes from
cord and adult blood were infected with equal amount of HIV-1 isolates.
While the CD3+/CD45RA+ and CD4+/CD45RA+ T-lymphocytes were
infectedwithHIV-1LAV andHIV-1BaL (lab-adapted isolates) andHIV-15441
(primary X4 isolate), whereas CD3+/CD45RO+ and CD4+/CD45RO+ T-
lymphocytes were only infected with HIV-1BaL because cord blood has a
fewer number of CD45RO+ T-lymphocytes. Fig. 4 shows the HIV-1
replication kinetics in CD3+/CD45RA+ and CD3+/CD45RO+ T-lympho-
cytes. HIV-1 replicated at higher levels in cord CD3+CD45RA+ (Fig. 4A)
and CD3+/CD45RO+ (Fig. 4B) T-lymphocytes compared with adult cells.
The virus peaked at day 6 formost of the HIV-1 isolates in cord and adultFig. 4. HIV-1 replication kinetics in cord and adult CD3+ CD45RA+ (A) and CD3+
CD45RO+ (B) T-lymphocytes. An equal amount of cord and adult cells were infected
with equal amounts of virus and monitored for 18 days post-infection. Reverse
transcriptase (RT) assays were done every 3 days and RT assay (cpm/mL) is plotted on
the Y-axis. The fold increase in HIV-1 replication at peak virus production day in cord
compared with adult blood cells is shown in panel C.CD45RA+ (Fig. 4A) and day 9 in cord CD45RO+ and day 9 to day 12 in
adult CD45RO (Fig. 4B) T-lymphocytes, with higher levels in cord
CD45RA and CD45RO T-lymphocytes compared with adult cells.
Statistical analysis was performed on RT assays was found to be
statistically signiﬁcant. There were approximately 1.5-fold higher levels
for HIV-1LAV and HIV-15441 and 2-fold higher levels for HIV-1BaL
replication in cord CD3+/CD45RA+ compared with adult CD3+/
CD45RA+ T-lymphocytes (Fig. 4C). Statistical analysis performed on
peak virus production (day 6)were signiﬁcant for HIV-1LAV, HIV-1BaL and
HIV-15441 at pb0.04, pb0.001, and pb0.005, respectively. We also found
that HIV-1 replicated approximately at 3.5-fold higher levels in cord
compared with adult blood CD3+CD45RO+ T-lymphocytes (day 9) with
p value being b0.04 (Fig. 4C).
To rule out any inhibitory effect that CD8+ T-lymphocytes could
contribute in HIV-1 replication (Famularo et al., 1997; Le Borgne et al.,
2000) in CD3+ CD45RA+ and CD45RO+ T-lymphocyte, we compared
HIV-1 replication in CD4+ CD45RA+ and CD45RO+ T-lymphocyte
sorted from cord and adult bloodmononuclear cells. Fig. 5 shows HIV-1
replication kinetics in CD4+/CD45RA+ (Fig. 5A) and CD4+/CD45RO+
(Fig. 5B) T-lymphocytes that occurred at higher levels in cord cellsFig. 5. HIV-1 replication kinetics in cord and adult CD4+ CD45RA+ (A) and CD4+
CD45RO+ (B) T-lymphocytes. Cord and adult cells were infected with equal amounts of
virus and monitored for 15–21 days post-infection. Reverse transcriptase (RT) assays
were done every 3 days and RT assay (cpm/mL) is plotted on the Y-axis. The fold
increase in HIV-1 replication at peak virus production day in cord compared with adult
blood cells is shown in panel C.
Fig. 6. HIV-1 gene expression in cord and adult CD4+ CD45RA+ (A) and CD4+ CD45RO+
(B) T-lymphocytes. Cord and adult naive and memory T-lymphocytes were infected with
equal amounts of the single-cycle replication component amphotropic luciferase virus,
HIV-1-NL-Luc-E-R+, and lysed72 hpost-infection. Luciferasewas assayedand is expressed
as relative light units on the Y-axis. The fold increase in HIV-1 gene expression in cord
compared with adult blood cells is shown in panel C.
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all HIV isolates in bothcord andadult CD4/CD45RAandaroundday15 in
CD4/CD45RO T-lymphocytes, with higher levels in cord cells compared
with adult cells. Statistical analysis performed on all days of RT assays
was signiﬁcant (pb0.05). Moreover, HIV-1 replication occurred at
approximately 4.5-fold higher in cord cells for HIV-1LAV and HIV-15441
and 2-fold higher for HIV-1BaL as compared to adult blood cells at day 9
(Fig. 5C). Statistical analysis on virus production yielded p values of
pb0.002 forHIV-1LAV, pb0.05 forHIV-1BaL and pb0.04 forHIV-15441.We
also saw that there was approximately a 3.5-fold difference in HIV-1BaL
replication in memory (CD4+CD45RO+) T-lymphocytes from cord
comparedwith adult blood cells (Fig. 5C) at peak virus production (day
15) with the p value being b0.001. These data suggest that the variable
ratios of naive to memory T-lymphocytes in cord (9:1) vs. adult (1:1)
blood are not responsible for differential replication of HIV-1 in cord
compared with adult blood T-lymphocytes, because HIV-1 replicated
better in both CD3+ and CD4+ naive and memory T-lymphocytes from
cord compared with adult blood.
Upregulation of HIV-1 gene expression in cord blood naive (CD45RA+) and
memory (CD45RO+) T-lymphocytes compared with adult blood cells
To determine if the differential HIV-1 replication in CD45RA+ and
CD45RO+ T-lymphocytes in cord compared with adult blood cells was
inﬂuenced at the level of HIV-1 gene expression, we infected CD4+
CD45RA+ and CD45RO+ T-lymphocytes with a single-cycle replica-
tion competent amphotropic pseudovirus, HIV-1-NL4-3-Env− Luc
(Connor et al., 1995). This pseudovirus has a luciferase reporter gene
and the amount of luciferase produced is directly proportional to HIV-
1 LTR activity (Connor et al., 1995). As shown in Fig. 6, HIV-1 gene
expression, as measured by luciferase expression, occurred at higher
levels in both cord CD4+/CD45RA+ (Fig. 6A) and CD4+/CD45RO+
(Fig. 6B) T-lymphocytes compared with adult blood cells. There was a
3-fold difference in cord compared with adult blood CD4+ CD45RA+
T-lymphocytes (p valuesb0.01) (Fig. 6C) and a 4-fold difference in
cord compared with adult blood CD4+ CD45RO+ T-lymphocytes
(p valuesb0.01) (Fig. 6C). This data suggests that higher levels of HIV-
1 replication in cord comparedwith adult blood CD45RA+ and CD45RO+
T-lymphocytes (as shown in Figs. 4 and 5) is due to an increased
transcriptional activityofHIV-1 LTR inboth cordCD45RA+andCD45RO+
T-lymphocytes than adult cells (Fig. 6).
Discussion
Our previous study has shown that HIV-1 replicated better in
neonatal (cord) blood monocytes/macrophages and T-lymphocytes
compared with adult blood cells (Sundaravaradan et al., 2006).
However, we did not know if this differential HIV-1 replication also
occurred in naive (CD45RA+) and/or memory (CD45RO+) T-lympho-
cytes. Herewe show that HIV-1 replicated at higher levels in both CD3+
and CD4+ CD45RA+ and CD45RO+ T-lymphocytes from cord blood
compared with adult blood. In addition, there was no signiﬁcant
difference in cell surface expression of CD4 and CXCR4 and CCR5
expression on cord comparedwith adult blood CD45RA+ and CD45RO+
T-lymphocytes, as previously shown in cord vs. adult blood T-
lymphocytes and monocytes/macrophages (Sundaravaradan et al.,
2006). Furthermore, there was an increased HIV-1 gene expression in
cord blood CD45RA+ and CD45RO+ T-lymphocytes compared with
adult blood cells, suggesting that the differential HIV-1 replication in
cord vs. adult blood CD45RA+ and CD45RO+ T-lymphocytes was
inﬂuenced at the level of HIV-1 gene expression, as also shown in
our previous study in T-lymphocytes and monocytes/macrophages
(Sundaravaradan et al., 2006). Higher levels of HIV-1 gene expression
and replication in neonatal (cord) blood CD45RA+ and CD45RO+ T-
lymphocytes comparedwith adult cells likely contribute tohigher levels
of viremia (Abrams et al., 1998; Henrard et al., 1995) and rapid diseaseprogression in neonates and infants than adults (MaWhinney et al.,
1993; Tovo et al., 1992).
T-lymphocytes from neonates and infants are enriched with cells
of the CD45RA+ phenotype (ratio of CDR5RA+ to CD45RO+, 9:1),
whereas T-lymphocytes from adults have approximately equal ratios
of CD45RA+ to CD45RO+ T-lymphocytes (Prescott and Jones, 2001).
We ruled out the possibility of any role that variable ratios of CD45RA+
to CD45RO+ T-lymphocytes in cord vs. adult blood could play in
differential HIV-1 replication by showing that HIV-1 replicated at
higher levels in both cord blood CD3+ CD45RA+ and CD45RO+ T-
lymphocytes compared with adult cells (Fig. 4). Moreover, CD3+ T-
lymphocyte population contains both CD4+ and CD8+ T-lymphocytes
and CD8+ T-lymphocytes have been shown to inhibit HIV-1
replication in adult T-lymphocytes (Famularo et al., 1997, Le Borgne
et al., 2000). The possibility of any inhibitory effect that CD8+ T-
lymphocytes could play in differential HIV-1 replication was ruled out
by comparing HIV-1 replication in FACS sorted CD4+ CD45RA+ and
CD45RO+ T-lymphocytes. Our data show that HIV-1 replicated at
higher levels in both CD4+ CD45RA+ and CD4+ CD45RO+ T-
lymphocytes from cord blood compared with adult blood cells
(Fig. 5), suggesting that CD8+ T-lymphocytes do not contribute to
this differential effect. Furthermore, the levels of cell surface
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HIV-1 replication in cord vs. adult blood CD45RA+ and CD45RO+ T-
lymphocytes because these cell surfacemarkers were expressed at the
same levels in cord and adult blood cells (Fig. 3). Similar levels of
expression of CD4, CXCR4 and CCR5 were obtained in our previous
study using cord and adult blood T-lymphocytes and monocytes/
macrophages (Sundaravaradan et al., 2006).
Several studies have shown that there is a preferential replication
of HIV-1 in the CD45RO+ subset of CD4+ T-lymphocytes (Schnittman
et al., 1990; Spina, et al., 1997). In addition, CD45RO+ T-lymphocytes
are predominantly infected with HIV-1 in neonates and infants,
despite their relative scarcity (Sleasman et al., 1996). While infection
of CD45RA+ T-lymphocytes in adults with X4 tropic HIV-1 was
associated with CD4+ T-lymphocyte decline rates (Blaak et al., 2000),
it is not clear if infection of CD45RA+ T-lymphocytes in neonates and
infants play any role in HIV pathogenesis. Here we show for the ﬁrst
time that HIV-1 replicated at higher levels in cord blood CD3+/
CD45RA+ (Fig. 4A) and CD4+/CD45RA+ (Fig. 5A) T-lymphocytes
infected with X4 and R5 HIV-1 as well as CD3+/CD45RO+ (Fig. 4B)
and CD4+/CD45RO+ (Fig. 5B) T-lymphocytes infected with R5 HIV-1
compared with adult blood cells.
Several studies have shown that HIV-1 infected infants predom-
inantly harbor R5 viruses (Cao et al., 1997; Hutto et al., 1996; Resino
et al., 2000) and infected T-lymphocytes are of CD45RO+ phenotype,
despite of their very small number in infants (Sleasman et al., 1996).
However, the possibility exists that CD45RA+ T-lymphocytes that are
found in abundance in neonates/infants may also be infected with R5
HIV-1 and contributes to an overall high viremia and rapid disease
progression in neonates and infants. Evidence to support this
possibility comes from a study showing that CD45RA+ T-lymphocytes
were susceptible to R5 HIV-1 following CD28 costimulation, despite a
low CCR5 expression on this cell type (Riley et al., 1998). Our data also
show that HIV-1BaL (R5 virus) replication was supported in both cord
and adult blood CD45RA+ T-lymphocytes (Figs. 5 and 6) even though
they express a less CCR5.
Emergence of X4 variants and change of coreceptor usage have been
found in infected infants progressing to HIV disease (Casper and Fenyo,
2001; Resinoet al., 2000; Strunnikova et al., 1995). TheseX4variants can
easily infect CD45RA+ T-lymphocytes that express more CXCR4 (Mo
et al., 1998). Our data also demonstrate that CD45RA+ T-lymphocytes
supported replication of HIV-1LAV and 5441(X4 viruses) (Figs. 4 and 5).
This data is further supported by the presence of high levels of proviral
DNA in HIV-1 infected neonates' CD45RA+ T-lymphocytes associated
with a rapid AIDS progression (Sleasman et al., 1996). Taken together,
our data explain that infection of CD45RA+ T-lymphocytes, which are
found in abundance in neonates and infants (Clement, 1992), are
infected with both R5 and X4 HIV-1 variants under different
circumstances resulting in a high viral load and rapid disease
progression in neonates and infants (Blaak et al., 2000; Sleasman
et al., 1996).
HIV-1 replication is inﬂuenced by HIV-1 gene expression that is
regulated by cellular factors (Garcia et al., 1987). By using a single-cycle
replication competent amphotropic pseudovirus, HIV-1-NL-Env−R+Luc
(Connor et al., 1995), that measures HIV-1 LTR mediated gene
expression via luciferase, we found a higher level of HIV-1 gene
expression in both cord CD45RA+ and CD45RO+ CD4+ T-lymphocytes
compared with adult cells (Fig. 6). This data correlates with the
increased level of HIV-1 replication seen in CD45RA+ and CD45RO+ T-
lymphocytes (Figs. 4 and 5), and is also consistentwith the our previous
study on increased HIV-1 replication and gene expression in T-
lymphocytes and monocytes/macrophages (Sundaravaradan et al.,
2006). We conclude that a higher level of HIV-1 replication in cord
CD45RA+ and CD45RO+ T-lymphocytes compared with adult cells is
inﬂuenced at the level of HIV-1 gene expression. This data further
supports the hypothesis that the difference in the level of HIV-1 LTR
activitymay be due to different levels of inherent host factors present incord vs. adult blood CD45RA+ and CD45RO+ T-lymphocytes. This
hypothesis is supported by our previous study where we have shown
that several transcription factors (NF-κB, E2F, HAT-1, TFIIE, Cdk9, Cyclin
T1), signal transducers (STAT3, STAT5A) and cytokines (IL-1β, IL-6, IL-
10) were upregulated in unstimulated, PHA-stimulated and HIV-
infected cord blood mononuclear cells compared with adult blood
mononuclear cells,whichare known to inﬂuenceHIV-1 geneexpression
and replication (Sundaravaradan et al., 2010). Higher levels of HIV-1
gene expression and replication in neonatal target cells may result in a
higher viral load (Abrams et al., 1998; Henrard et al., 1995) and a more
rapid HIV disease progression in neonates and infants than adults
(MaWhinney et al., 1993; Tovo et al., 1992).
Materials and methods
Cord and adult blood donors
We collected fresh cord blood and adult blood from ﬁve different
donors of various ethnic and racial backgrounds in Arizona using the
same anticoagulant (sodium heparin) and processed side by side.
Cord blood yields more mononuclear cells than adult blood (60–
120 ml) (Solves et al., 2003), therefore we collected 150–200 ml of
adult blood to gain comparable numbers. This study was approved by
the University of Arizona Human Subjects Committee and written
informed consent was obtained from all donors.
Isolation and culture of CD3+ naive (CD45RA+) and memory (CD45RO+)
T-lymphocytes
Isolation of cord and adult bloodmononuclear cells was performed
by a single-step Ficoll-Hypaque (Amersham) method from whole
blood of normal donors. Monocyte depletion was done using anti-
CD14 magnetic MicroBeads (Miltenyi Biotech) and the eluate was
labeled with CD3-FITC (Invitrogen Inc.), CD45RA-APC and CD45RO-PE
(BD Biosciences). Brieﬂy, cells from the ﬂow through were pelleted
and resuspended in 40–50 μl of antibody and allowed to incubate on
ice for 30–40 min. Cells were washed, resuspended in cold PBS+0.5%
FBS, and sorted on a FACSAria (BD Biosciences). The two populations
sorted were CD3+/CD45RA+ and CD3+/CD45RO+. After sorting, the
purity of CD3+ was checked by reanalyzing the sorted cells for CD3+
purity because the cells were sorted based on CD3+ and CD45RA+ and
CD45RO+. The CD3+ CD45RA+ and CD3+ CD45RO T-lymphocytes
were cultured in RPMI 1640 with 10% fetal bovine serum (FBS)
(Invitrogen Inc) and 1× penicillin/streptomycin (Invitrogen Inc.) and
stimulated with 3 μg/ml of phytohemagglutinin (PHA) (Sigma) for
30 h.
Isolation and culture of CD4+ naive (CD45RA+) and memory (CD45RO+)
T-lymphocytes
After depletion of the CD14+ cells by anti-CD14 magnetic MicroBe-
ads (Miltenyi Biotech) from the mononuclear fraction, we performed
CD4+ T-lymphocyte enrichment (Miltenyi Biotech) as per manufac-
turer's instructions. The enriched CD4+ population was then labeled
with CD45RA-APC and CD45RO-PE and sorted on FACSAria. After
sorting, the purity of CD4 was checked using a CD4-FITC (Invitrogen)
antibody and the CD4+ CD45RA+ and CD4+ CD45RO+ T-lymphocytes
were cultured and stimulated with 3 μg/ml of PHA for 30 h.
Characterization of naive (CD45RA+) and memory (CD45RO+)
T-lymphocytes using FACS analysis
The level of CD45RA, CD45RO, CD4, CXCR4 and CCR5 markers was
determined by FACS analysis. Approximately 1–2×106 cells were
used for each assay, except for cord memory T-lymphocytes. Due to a
limited number of memory T-lymphocytes from cord blood, cells
45N. Ahmad et al. / Virology 413 (2011) 39–46were equally divided. Brieﬂy, 5–10 μl of each antibody was added
according to manufacturer's instructions. The cells were allowed to
incubate in a ﬁnal volume of 50 μl for an hour. After incubation, cells
were washed with 3 mL of PBS twice and resuspended in 500 μl of 1%
CytoFix (BD Biosciences). Cells were then analyzed using the FACSAria
to determine the level of expression of these receptors as determined
by mean ﬂuorescence intensity (MFI).
HIV-1 infection
Virus obtained from the NIH AIDS Research and Reference Reagent
program (Germantown, MD) was used to generate viral stocks for all
types of lab-adapted and primary HIV-1 isolates. After 30 h of
stimulation with PHA, CD3+ or CD4+ CD45RA+ and CD45RO+ T-
lymphocytes were washed to remove PHA. Cells were then resus-
pended, counted, plated and infected at a concentration of 0.5–5×105
cells in RPMI 1640 and allowed to adsorb for 2 h at 37 °C with 8–
10×104 reverse transcriptase (RT) counts of HIV-1LAV, HIV-1BaL, or
primary isolate HIV-15441. We used 5×105 CD3+/CD45RA+ and
1×105 CD3+/CD45RO+ T-lymphocytes and 2×105 CD4+/CD45RA+
and 0.5×105 CD4+/CD45RO+ T-lymphocytes for infection. All the
infection experiments were done in duplicate or triplicate based on
the recovery of number of cells. Cells were fed every 3 days and virus
levels were determined by reverse transcriptase assay as previously
described (Ahmad et al., 1989; Matala et al., 2001).
HIV-1 gene expression
HIV-1 gene expression was determined by a single-cycle replication
competent HIV-1 NL-Luc-E-R+ virus, which directly reﬂects transcrip-
tional activity of the HIV-1 LTR independent of receptor/coreceptor
expression (Connor et al., 1995). HIV-1-NL-Luc-Env-R+ virus was
generated by transfecting COS cells (5×105 cells/well) with 10 μg of
HIV-1 NL-Luc-Env-R+ and MuLV-amphotropicEnv DNA using Fugene 6
(Roche) as per manufacturer's protocol. HIV-1-NL-Luc-E-R+ virus levels
were measured in supernatant after 72 h by reverse transcriptase assay
(Ahmad et al., 1989;Matala et al., 2001). Equal number of cord and adult
CD4+ naive (CD45RA+) and memory (CD45RO+) T-lymphocytes were
infectedwith equal amount of HIV-1-NL4-3-Env−R+ to determineHIV-1
geneexpression. Infectionwasperformedasdescribedabove induplicate
or triplicate based on the recovery of number of cells. Cells were lysed 72
h post-infection. Total protein of the lysate was determined and the
luciferase activitywasmeasured by using equal amount of lysate protein.
Statistical analysis
Datawas analyzed using Student's t-test and a p value of b0.05was
considered signiﬁcant.
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